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The fact that vaccine virus is able to multiply  in the presence of 
living host cells is well established (1-5).  None of the reports, how- 
ever,  regarding its  increase in  lifeless  media  has  received general 
confirmation.  Harde  (6),  using  tissue  cultures  for  the  growth  of 
vaccine  virus,  showed  that  the  infectious  agent  was  principally 
associated not with the plasma clot but with the cells.  Parker and 
Nye (2) using an improved technique made observations similar to 
those of Harde.  Although it is generally recognized that living host 
cells are essential for the in vitro multiplication of vaccine virus and are 
intimately associated with the active agent, no one definitely knows 
what function they serve in the cultures 
For many years collodion membranes, in one form or another, have 
been used in bacteriology.  Attempts have been made to study the 
relation of viruses to host cells by implanting collodion sacs containing 
the active agents in the peritoneal cavity of experimental animals. 
Williams and Flournoy (7) investigated vaccine virus in this manner 
and found that it survived only for a short time.  Olitsky and McCart- 
ney (8) implanted the virus of typhus fever in the peritoneal cavity of 
guinea pigs and reported that it survived for 31 days.  The objection 
to such experiments is tl~at the collodion sacs with their contents acted 
as foreign bodies, so that, instead of the viruses being brought into close 
relation with normal host cells,  they were brought into an indirect 
contact with fibrous capsule by which the bags became surrounded. 
This  difficulty might have been avoided through the use of tissue 
cultures, were it not for the fact that in the ~)ast most of the techniques 
of such culture required the use of solid media in the form of plasma 
clots. 
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Recently Maitland and Maitland  (9) reported that vaccine virus is 
capable of multiplication in a  fluid medium  consisting of a mixture of 
one third  serum  and  two thirds  Tyrode's  solution  in  which  bits of 
finely minced kidney tissue are suspended.  These observations have 
been confirmed (10,  11).  Such  a  fluid medium, in which living cells 
persist for at least 5 days  (12), makes possible the use of semi-perme- 
able membranes in investigations concerning the functions served by 
living host  cells in  the  survival  and  multiplication  of  viruses.*  In 
the present paper are reported observations on the survival of vaccine 
virus separated from living cells by collodion membranes. 
Methods  and  Materials 
Vaccine Virus.--The neurovaccine virus of Levaditi was used.  The testicles of 
rabbits, inoculated with a 1-10 dilution of the virus, were removed on the fourth 
day, emulsified in Locke's solution with sand, and centrifuged at high speed for 20 
minutes.  The superuatant fluid was used as an inoculum.  The final dilution of 
the inoculum was identical in all of the preparations at the beginning of each 
experiment. 
Tests for Vaccine Virus.--At the completion of each experiment, tests for the 
presence of active vaccine virus were made by emulsifying the different mixtures in 
a mortar without sand and injecting 0.25 cc. of each into the shaved skin of a rabbit. 
Dialyzing  Apparatus.--The  dialyzing  apparatus  consisted  of an  outer tube 
flared slightly at the top to fit a shoulder on an inner tube, the two being ground to 
form a perfect joint (Text-fig. 1).  The collodion sac was attached to the lower part 
of the inner tube by means of a rubber band.  When 1 cc. of  fluid was placed 
inside the collodion bag, and from 4 to 4.5 cc. in the outer tube, the fluid level was 
the same on the two sides of the membrane. 
Preparation of Collodion Sacs.--The method of preparing the collodion bags is a 
slight modification of the one used by Northrop and Kunitz (13).  Pyrex test 
tubes, with inside dimensions of 1.5 x 11 cm. were thoroughly cleansed and dried, 
after which 1.5 cc. of Merck's contractile collodion was placed in each tube.  The 
tubes were then stoppered and allowed to stand until all bubbles had disappeared 
from the fluid, when the stoppers were removed and the tubes were placed hori- 
zontally in holders revolving at the rate of 20  revolutions per minute.  After 
rotating for 5 minutes the tubes were removed from the machine and kept in- 
verted for 2½ to 3 minutes.  Then they were flied with water and the sacs were 
removed by permitting the fluid to run between the sacs and the walls of the tubes. 
Tests of Collodion Sacs.--Each bag was cut to a length of about 6 era. and the tip 
* Semipermeable membranes have been used by Wollman, Bronfenbrenner, and 
Muckenfuss in investigations  concerning the  nature  of bacteriophages  (see  J. 
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of the inner tube of the dialyzing apparatus (Text-fig. 1) was slipped inside the sac 
until the disance from the end of the bag to the tip of the glass tube was 2.5 cm. 
The bag was then secured in place by a rubber band, the tube was completely filled 
with  water,  and a  one-holed  rubber  stopper to facilitate  connection with  the 
testing apparatus described below was inserted in the top of the tube. 
The testing apparatus consisted of a narrow glass tube about 1 meter in length 
at the lower end of which was a 2-way stopcock (Text-fig.  3).  In one direction 
TEXT-FIG. I  TExT-FIG. 2 
TExT-FIG. I. The inner and outer glass tubes of dialyzing apparatus.  The 
collodion membrane fits over the lower part of inner tube and is held in place by an 
elastic band (see Text-fig. 2). 
TExT-FIG. 2.  Manner in which inner tube with its collodion membrane is pre- 
pared for sterilization in the autoclave. 
this led to a long rubber tube and a levelling bulb, which was filled with  water. 
In the other direction it led to a straight glass tip which was drawn out to fit into 
the rubber stopper placed in the top of the inner tube of the dialyzing apparatus 
described above.  The distance from the top of the collodion bag to the point on 
the support of the vertical glass tube, from which measurements were made, was i 
meter. 
The apparatus was designed for the determination of the amount of water that 
would pass through the membrane in a given time under a pressure of 1 meter of 
water.  The water level in the tube was adjusted to 1 meter, and the stopcock was 152  SURVIVAL  O1  e VACCINE  VIRUS 
turned so that pressure was delivered inside the collodion sac.  The bag was then 
examined for leaks and if none were present the amount of water passing through 
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TIn,r-FIG.  3.  Apparatus for testing the permeability of the collodion sacs, 
in 3 minutes was read on the nun. scale beside the vertical tube.  With the tubing 
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volume of water passing through the membrane was readily calculated.  The 
membranes used permitted from 0.52 cc. to 0.78 ce. to pass through in 3 minutes. 
Sterilization oftke Collodion  Sacs.--Upon completion  of the tests, the tubes of the 
dialyzing apparatus were removed, part of the water was withdrawn,  and the 
rubber stopper was replaced by nonabsorbent cotton.  The shoulder of each inner 
tube was then wrapped with cotton strips surrounded by gauze and the tube 
itself was inserted into a  150 cc. F.rlenmeyer  flask,  the cotton-gauze wrapping 
serving as a support (Text-fig. 2).  The water level in the flask was above the top 
of the collodion bags but not as high as that inside the tubes.  The flasks were then 
placed in the autoclave and sterilized under 5 pounds pressure for 45 minutes. 
The outer tubes of the dialyzing apparatus were sterilized by dry heat. 
Several sacs were retested after sterilization and their permeability was found to 
be reduced to about one third of what it was before this treatment.  The bags 
used in the experiments here  reported were not again tested after  sterilization. 
Maitland Medium.--For the cultivation of vaccine  virus, Maitland used chicken 
serum, Tyrode's solution, and minced chicken kidney in the following proportions: 
serum, 6 cc.; Tyrode's solution, 12 cc.; minced kidney, 0.66 cc.  In the experiments 
reported in the present paper the Maitland technique was followed with the excep- 
tion that rabbit serum and kidney were used. 
EXPERIMENTAL 
For controls on the results of e~ach experiment, data was obtained by 
testing the survival of vaccine virus alone in test tubes, and its persist- 
ence in the presence of living and frozen (last 2'sets of  experiments) 
tissue both in test tubes and in Carrel flasks.  For this reason some of 
tests  were  repeated  more  frequently than  were  others.  In  all,  24 
experiments  with  collodion  bags  were  performed.  These  are  sum- 
marized  in  Table  I  which  will  be  referred to from time  to time as 
individual experiments are described. 
As a preliminary study it was essential to ascertain whether vaccine 
virus would pass through the collodion sacs prepared in the  manner 
above described, for, if it did diffuse through their walls, the bags would 
be unsuitable for the work. 
Diffusibili~y  of  Vaccine  Virus 
A  freshly prepared  testicular  emulsion  containing  active  vaccine 
virus was placed in the collodion sacs, and Locke's solution was placed 
in  the outer  chambers of 4  dialyzing apparatuses,  2  of which  were 
placed in the incubator  and 2 in the ice box.  Mter 3 days the fluids 
on both sides of the sacs were tested for the presence of vaccine virus. 154  SURVIVAL  OF  VACCINE  VIRUS 
It was found that the virus retained its activity in the ice box and did 
not diffuse through the membranes.  In the incubator the virus lost 
activity, consequently no  data  concerning its  diffusibility at 37°C. 
was obtained.  From the results of later experiments, however,  it 
became obvious that vaccine virus will not diffuse through the type of 
membranes used. 
The object of the first set of experiments was to determine if the 
survival of vaccine virus, suspended in a cell-free mixture of serum and 
Tyrode's solution, is enhanced by the presence of a  culture of vac- 
cine virus in Maitland's medium on  the opposite side of a  collodion 
membrane. 
Survival of Vaccine Virus Separated from Living Cells Inoculated with 
Vaccine  Virus 
In attempts to determine the effect that Maitland's medium inocu- 
lated with vaccine virus has on the survival of vaccine virus suspended 
in a cell-free mixture of serum and Tyrode's solution on the opposite 
side of a semi-permeable membrane, 6 experiments were performed as 
described below. 
2 mixtures were prepared.  One consisted of vaccine virus diluted 1-100 bya 
fluid made of one third rabbit serum and two thirds Tyrode's solution, the other 
was composed  of vaccine virus (final dilution also 1-100) in Maitland's medium.* 
The suspension  of vaccine virus was then placed on one side of the membranes in 
the dialyzing apparatuses, and Maitland cultures of vaccine virus on the other. 
The dialyzing sets were then placed in the incubator at 37°C. for 4 days, at the 
end of which time the fluids on both sides of the membranes were tested  upon 
rabbits for the presence of active vaccine virus.  As controls in each experiment 
virus (final  dilution 1-100) was incubated in test tubes and in Carrel flasks. 
The results of the above experiments with those to follow are sum- 
marized in Table I and show that vaccine virus alone survived in one 
third of the test tubes (controls), that it persisted or muItiplied in 
Maitland's medium  in  all  the  dialyzing apparatuses,  and  that  it 
survived in only one half of the dialyzing apparatuses when sepa- 
rated from the Maitland cultures by mear~s of membranes.  From 
these findings it is seen that the virus survived or actually multiplied, 
* It must be remembered that Maitland's medium is prepared by mixing 0.66 
cc. of minced  normal kidney, 6 cc. of serum, and 12 cc. of Tyrode's solution. R.  S.  MUCKEN~USS  AND  T.  M.  RIVERS  155 
as shown previously (10, 11), when it was in direct contact with living 
kidney cells, and that the survival of the virus in serum and Tyrode's 
solution was not influenced to any great extent when the active agent 
was separated from the Maitland cultures of the virus  by means of 
semi-permeable membranes. 
The p6ssibility that the virus might have so severely injured the 
cells in the Maitland cultures that they were useless for the purposes of 
the experiment, or that the virus in the Maitland cultures required all 
of the factors necessary for survival, leaving none to diffuse through 
the membranes, was next considered.  To test this point,  uninocu- 
lated Maitland medium was placed on one side of the membranes, and 
vaccine virus, suspended in serum and Tyrode's solution, on the other. 
Survival  of  Virus Separated from  Unlnoculated Living  Tissue 
12  experiments were made to  ascertain what effect uninoculated 
Maitland medium placed in one chamber of the dialyzing apparatus 
had on the survival of vaccine virus suspended in serum and Tyrode's 
solution in the other chamber. 
Vaccine  virus was prepared and diluted with serum and Tyrode's solution as in 
the previous experiments, and Maitland medium was made in the usual manner. 
In the dialyzing apparatuses vaccine virus was then placed on one side of the 
membranes, and uninoculated Maitland medium on the other.  Mter incubation 
for 4 days at 37°C. material from each side of the membranes was tested for the 
presence of vaccine virus. 
The results of the experiments are summarized in Table I.  Out of 
12 tests the vaccine virus was found to survive in every case, and no 
virus was demonstrated in the Maitland medium on the opposite side 
of the membranes, except in one instance when virus passed through a 
leak in the bag.  When the results of these experiments are examined 
and compared with those described above, it becomes evident that 
something from the living cells diffused through the membranes and 
supported the survival of the virus. 
Although the virus survived in every instance, it seems that some of 
its activity was lost.  In efforts to enhance the survial, it was next 
decided to run experimcnts similar to the ones just described, with the 
exception that dead cells (killed by repeated freezing and thawing) 156  SURVIVAL  0]~  VACCII~E  VIRUS 
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were added to the suspensions of vaccine virus in serum and Tyrode's 
solution. 
Survival of  Virus in Contact with Dead Cells  When Separated from 
Living  Tissue  by  a  Collodion Membrane 
A fresh emulsion of vaccine virus was prepared in the usual manner, care being 
taken to remove all ceils by centrifugation.  Fresh rabbit serum was collected from 
which all cells were removed.  Fresh rabbit kidney was finely minced, half of which 
was frozen (CO2 snow) and thawed 10 times. 
A mixture of vaccine virus, serum, Tyrode's solution, and frozen kidney tissue 
was placed on one side of the membranes  in  the  dialyzing apparatuses,  and  a 
preparation consisting of normal kidney tissue, serum,  and Tyrode's solution on 
the other.  The usual controls were set up.  All preparations  were incubated at 
37°C. for 4  days, after which they were tested for the presence of active vaccine 
virus by intradermal inoculations (0.25 ec.) in rabbits.  The results of the tests are 
given in detail below and are also summarized in Table I.  The pluses indicate the 
amount of vaccine virus present as determined by the severity of the reaction in 
the rabbits. 
Set A  Set B 
Vaccine virus in test tubes  .................  -- 
Vaccine  virus,  normal  kidney,  serum,  and 
Tyrode's solution in test tubes  ............  --  "4-± 
Vaccine  virus,  frozen  kidney,  serum,  and 
Tyrode's solution in test tubes ............  -- 
Vaccine  virus,  normal  kidney,  serum,  and 
Tyrode's solution in Carrel flasks .........  -4-+++  +q--k+ 
Vaccine  virus,  frozen  kidney,  serum,  and 
Tyrode's solution in Carrel flasks .........  -4-  4- 
Vaccine virus, serum, and Tyrode's solution in 
inner chamber of dialyzing apparatus ......  ++ 
Normal kidney, serum, and Tyrode's solution 
in outer chamber of dialyzing apparatus... 
Vaccine virus, serum, and Tyrode's solution in 
outer chamber  ..........................  "b-b-I- 
Normal kidney, serum, and Tyrode's solution 
in inner chamber  ........................  -- 
'Vaccine  virus,  frozen  kidney,  serum,  and 
Tyrode's solution in inner chamber  ........  ++'4-  +-k-b+ 
Normal kidney, serum, and Tyrode's solution 
in outer chamber  .......................  -- 
Vaccine  virus,  frozen  kidney,  serum,  and 
Tyrode's solution in outer chamber  ........  ++++++  ++++++ 
Normal kidney, serum, and Tyrode's solution 
in inner chamber  ........................  -- 158  SURVIVAL  OF  VACCINE  VIRUS 
The results of the experiments just described show (1) that vaccine 
virus in  a  mixture of dead ceils  (killed by freezing and  thawing), 
serum, and Tyrode's solution lost its activity when incubated at 37°C. 
in test tubes for 4 days; (2) that vaccine virus, in a cell-free  preparation 
of serum and Tyrode's solution placed in a dialyzing apparatus on the 
opposite side of the membrane from a mixture of normal cells, serum, 
and Tyrode's solution, retained some but not all of its activity; (3) 
that vaccine virus, in a mixture of dead cells (killed by freezing and 
thawing), serum, and Tyrode's solution placed in a dialyzing apparatus 
on the opposite side of the membrane from a preparation of normal 
cells,  serum,  and  Tyrode's  solution,  apparently  retained all  of its 
activity.  In the light of these findings, it seems that, under the condi- 
tions of the experiments, the living cells furnished for the survival of 
the virus something labile and capable of diffusing through semi-per- 
meable membranes, while the cells  killed by freezing and  thawing 
supplied another factor relatively stabile and non-diffusible.  How- 
ever,  this  explanation  of  the  observed  phenomena  should  not  be 
accepted as correct until it is substantiated by further work. 
DISCUSSION 
Maitland's fluid medium and a simple dialyzing apparatus devised 
by  us  made  possible  investigations  concerning  certain  functions 
served by living host cells in the survival of vaccine virus at 37°C. 
Since collodion sacs, through which vaccine virus could not diffuse, 
were used in the dialyzing apparatuses, it is obvious that the prolonged 
survival of the virus on one side of the membranes was not dependent 
upon a direct contact with the living host cells on the opposite side. 
Therefore, it appears that the living cells furnished something capable 
of reaching the vaccine virus by diffusion.  Inasmuch as a number of 
substances, even gases in solution (14),  can pass through the type of 
membranes employed, the nature of  the diffusible substance supplied 
by the living cells is not yet known.  Experiments, designed to obtain 
more information concerning the phenomena described in this paper, 
are now being conducted and the results of these investigations will 
be reported later. R.  S.  ~SCKEN~USS AND T.  ~.  RIVERS  159 
SUMMARY 
Vaccine  virus,  suspended  in  a  mixture  of  serum  and  Tyrode's 
solution and separated by collodion membranes from a  suspension of 
living kidney cells in serum and Tyrode's solution, remained active at 
37°C. for a longer period of time than did vaccine virus incubated only 
in a mixture of serum and Tyrode solution. 
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